The aim of the study was to test a new model of drug distribution known as unit-dose drug distribution including the effects of implementing this system on total drug consumption, especially in curbing antimicrobial use. The study was carried out in the Department of Surgery at the University Clinical Center in Nis, Serbia. During the first six months of the study (comparative period), drugs were delivered directly from the pharmacy to the urology and orthopedic wards in the traditional way (ward stock system). During the next six months (study period), drugs were delivered directly from the pharmacy to the patients (unitdose drug distribution system). Drug consumption was measured using the statistical unit defined daily dose (DDD) per 100 bed days according to the anatomical-therapeutic-chemical classification of drugs. Following implementation of the unit-dose drug distribution system, total drug consumption was reduced by 24.34% in the urology ward and by 21.43% in the orthopedic ward. During the comparative period, in the urology and orthopedic wards, systemic antiinfectives (group J) comprised 263.54 and 227.61 DDD/100 bed days or 43.05% and 25.52% of total drug consumption respectively, whereas, during the pilot study period this group of drugs comprised 191.63 and 173.52 DDD/100 bed days or 41.37% and 24.96% of total drug consumption respectively. The unit-dose distribution system of drugs in hospitals leads to a control of drug consumption and substantial savings. Also, the pharmacist-physician interaction began to emerge as an important factor as a direct result of the changes in the drug distribution system.
Introduction
The unit-dose system of drug distribution is a pharmacy-coordinated method of dispensing and controlling medication in organized health-care settings. Unit-dose dispensing of medications was developed in the 1960s to support nurses in medication administration and reduce the waste of increasingly expensive medications. The unit-dose system can vary in form, depending on the specific needs of the organization: however, the following distinctive elements are basic to all unit-dose systems: (i) medications are contained in single-unit packages; (ii) medications are dispensed in a form that is as ready-toadminister as possible; and (iii) for most medications, not more than a 24-hour supply of doses is delivered to or available at the patient-care area at any time [1, 2] . Numerous studies concerning unit-dose drug distribution systems have been published over the past several decades. These studies indicate that with respect to other drug distribution methods, unit-dose systems are (1) safer for the patient [3, 4] , (2) more efficient and economical for the organization [5] [6] [7] , and (3) a more effective method of utilizing professional resources [1, 8] .
To measure drug use, it is important to have both a classification system and a unit of measurement. The anatomical-therapeutic-chemical (ATC) classification is such a system. To deal with the objections against traditional units of measurement, a technical unit of measurement called the defined daily dose (DDD) was developed by the World Health Organization (WHO) for use in drug use studies [9, 10] . The average number of DDDs per bed day (BD) is commonly used in hospital studies and is a useful rate of expression for comparing dosage rates between hospitals [11] [12] [13] .
Because the Department of Surgery is an important drug consumer at the University Clinical Center in Nis, Serbia, it was chosen as a site for testing the unit-dose drug distribution system. In Serbia, information on drug use is generally scarce, and little is known about hospital use of antibiotics. Nevertheless, inappropriate antibiotic use is a common problem in Serbia and elsewhere in the world and is associated with the increasing emergence of antibiotic-resistant pathogens and rising healthcare costs [14] [15] [16] . Despite evidence-based guidelines to support rational antibiotic use, practical control of antibiotic prescribing has proven difficult [15] [16] [17] [18] . Therefore, the purpose of this report was to demonstrate the effects of implementing the unit-dose distribution system on total drug consumption, especially in reducing excessive antimicrobial use in two out of six surgical wards where the unit-dose system was effective.
Statistical methods and Experimental Procedures
The study was carried out at the urology and orthopedic wards of the Department of Surgery, University Clinical Center, Nis, Serbia. These two wards were selected for testing the unit-dose drug distribution system (i.e., before its implementation) because they were the greatest drug consumers and also had higher patient frequencies (determined by calculating the number of BDs) than the other surgical wards.
During the first six months of the study, between March and August 2004, drugs were distributed according to the ward-stock system. When surgeons wrote orders for inpatients, the total amount of medication requested daily was referred to the appropriate ward from the department's pharmacy, where ward nurses stored the drugs in medication cupboards in the ward before their administration. During the next six months, between September 2004 and February 2005, orders for inpatients were sent to the pharmacy, where pharmacists verified the orders and technicians prepared unit-dose packages. A unit-dose package is one that contains the particular dose of the drug ordered for the patient. The unit-dose packages were then distributed to the appropriate wards by the pharmacy's technicians. A medication administration recording form was used by the ward nurses to check off and initial the time of administration of each medication.
We carried out a prospective study during a one-year period based on data obtained from prescriptions and case records of surgical patients admitted to the above mentioned wards. Also, data was obtained from the surgical department's pharmacy that supplied the mentioned clinics with the necessary drugs, especially dispensed antimicrobials. Information obtained included drug names, strengths, and quantity (e.g., number of tablets) dispensed. Drugs were recorded according to their trade names. Each drug was then given its chemical name and assigned a code according to the ATC classification. This classification consists of five levels. The first level is the anatomical group (e.g., antiinfectives for systemic use), the second is the therapeutic group (antibiotics for systemic use), the third is a therapeutic subgroup (lactam antibiotics), the fourth gives the chemical form (broad-spectrum penicillins), and the fifth the chemical subgroup (e.g., ampicillin). For this study, all five levels were used.
Although total drug consumption was calculated, special attention was given to antibiotic use. Antimicrobial consumption was determined in terms of DDDs per 100 BDs for all systemic antiinfectives (group J of the ATC classification and all classes and subclasses of this group). DDDs were calculated according to the 2004 ATC classification and data on BDs was obtained from the surgical department's administrative service.
Statistical analyses were made using SPSS version 6.0. For comparison of means, a Student's t-test was used. A p-value below 0.05 was considered to indicate a statistically significant difference.
Results
During the comparative period of the study (first six months) while drugs were delivered from the pharmacy to the urology ward in the traditional way (ward stock system), total drug consumption amounted to 612.19 DDD/100 BDs, where the total number of BDs was 1840. Systemic antiinfectives (group J) were the most often used drugs, with 263.54 DDD/100 BDs or 43.05% of overall drug use. The next most common were drugs for blood and blood-forming organs (203.52 DDD/100 BDs or 33.24%), central nervous system drugs (42.14 DDD/100 BDs or 6.88%), and drugs for alimentary tract and metabolism (38.86 DDD/100 BDs or 6.35%) ( Table 1) . Following implementation of the unit-dose drug distribution system, total drug consumption at the urology ward was 463.19 DDD/100 BDs which was 24.34% less than dur-ing the comparative period ( Table 1 ). The number of registered BDs was 1333. Antimicrobials were still the most used drug group, amounting to 191.63 DDD/100 BDs or 41.37% of total drug consumption (p<0.05). The most frequently prescribed classes of antimicrobials pre-and post-implementation were cotrimoxazole (J01EE: 204.35 DDD/100 BDs), quinolones (J01MA: 29.81 DDD/100 BDs), aminoglycosides (J01G: 18.88 DDD/100 BDs) and cephalosporins (J01DA: 7.85 DDD/100 BDs). Use of other antimicrobials was negligible (Tables 3 and 4) .
At the orthopedic ward, during the comparative period, total drug consumption was 891.79 DDD/100 BDs (total of 1424 BDs). The most utilized drug groups were systemic antiinfectives (227.61 DDD/100 BDs or 25.52%), cardiovascular system drugs (140.65 DDD/100 BDs or 15.77%), drugs for blood and blood forming organs (129.79 DDD/100 BDs or 14.55%) and musculoskeletal system drugs (121.84 DDD/100 BDs or 13.66 %) ( Table 2) .
Total drug consumption post-implementation was 695.07 DDD/100 BDs, which was 22.05% less than during the comparative period. The number of BDs was 2538.
Antimicrobials were still the most utilized drug group, amounting to 173.52 DDD/100 BDs or 24.96% of total drug consumption. The most frequently prescribed classes of antimicrobials during the comparative period were cotrimoxazole (J01EE: 134.83 DDD/100 BDs), aminoglycosides (J01G: 43.05 DDD/100 BDs), cephalosporins (J01DA: 21.41 DDD/ 100 BDs) and quinolones (J01MA: 12.04 DDD/100 BDs). Post-implementation, cephalosporins (J01DA), cotrimoxazole (J01EE), aminoglycosides (J01G), and quinolones (J01MA) were the most frequently prescribed. Use of other antimicrobials was negligible (Tables 3 and 5 ).
Discussion
Only limited data are available on patterns of antimicrobial drug use in developing countries. This especially applies to southeast Serbia. Although there is a long tradition of pharmacoepidemiology in Serbia, drug use studies have mostly been carried out in northcentral Serbia. Because inappropriate antibiotic use is a common problem in our country and elsewhere and because it is associated with the increasing emergence of antibioticresistant pathogens and rising healthcare costs [14] [15] [16] , there is an urgent need for field research to collect reliable information on the use of antimicrobial agents [19, 20] .
An area of special concern is the appropriate use of antibiotics in surgical wards. The urology and orthopedic wards in our study were selected for testing the unit-dose model of drug distribution because they were the greatest consumers of drugs, especially antibiotics. The prescription of antibacterials in our surgical wards was higher than in most European countries. Analysis of antibiotic use in the surgical wards of three university hospitals in Estonia, Spain, and Sweden in 1992 found the mean use of systemic antibacterial agents to be 41-51 DDD/100 BDs (Figure 1 ) [21] . At the urology ward, systemic antiinfectives (group J) were the most utilized group of drugs with 263.54 DDD/100 BDs or 43.05% of overall drug use. Following implementation of the unit-dose drug distribution system, antimicrobial use fell to 191.63 DDD/100 BDs or 41.37%. This difference in antimicrobial use was statistically significant (p<0.05). Considering the low risk of serious infection after urologic surgery, antimicrobial prophylaxis should be considered only in patients at high risk of postoperative bacteriuria (i.e., patients likely to require prolonged postoperative catheterization and patients with a positive urine culture) or in hospitals with infection rates of greater than 20% [22] . Because the low-risk patients do not appear to benefit from the use of perioperative antimicrobials, the reduction in antimicrobial use identified in our study is promising.
Pre-and post-implementation, cotrimoxazole was the most frequently prescribed antimicrobial agent. Cotrimoxazole is the drug of first choice for treating uncomplicated urinary tract infections [23] . Because enteric Gram-negative bacilli are among the likely causative organisms, with Escherichia coli occurring in 90% of cases, cotrimoxazole should be given only if E. coli resistance is less than 20% [24] . If the resistance rate is higher, a quinolone or an oral cephalosporin such as cephalexin, amoxicillin, or nitrofurantoin should be administered [25] . Prior to our study, the Serbian Ministry of Health conducted a study to determine the resistance rate of enteric Gram-negative bacilli and Staphylococcus aureus, the organisms most likely to cause urinary tract infections. The resistance rate in Nis was 16% whereas in Belgrade, the capital of Serbia, the resistance rate was 33.8% [26] . This can explain the high use of cotrimoxazole at the urology ward in our study: however, because patients undergoing urologic procedures rarely require perioperative antibiotics, the introduction of the unit-dose drug distribution system in our study contributed to a reduction in cotrimoxazole use (Table 4) , which had an impact on overall antimicrobial use.
Quinolones were the second-most utilized antibiotic group. They can be administered preoperatively in cases of E. coli resistance or in cases of sulfonamide allergy. Continuation of antimicrobial prophylaxis postoperatively is not recommended although they are drugs of choice in the treatment of complicated urinary tract infections [27] . Antibiotic use is random in our surgical practice. As such, our surgeons often mistake prophylaxis for treatment which consequently leads to drug overuse. For example, quinolones account for 6% of the total of antibiotics used in a university hospital in Nijmegen, The Netherlands [10] , whereas they accounted for 11.31% during the comparative period and 18.53% post-implementation at the urology ward in Nis. Therefore, measures to control the prescription of these drugs are needed in the surgical department in Nis.
The third most commonly used drugs were the aminoglycosides (18.88 DDD/100 BDs), which are used most commonly against Gram-negative enteric bacteria in Serbia. In our study, gentamicin was the most frequently prescribed aminoglycoside. Similar to the situation in our country, analysis of antibiotic use in a teaching hospital in Tehran, Iran, showed that the prescription of ampicillin and gentamicin in the surgical ward amounted to 43.3 DDD/100 BDs [28] . Because extended-spectrum penicillins and aminoglycosides are not recommended for surgical prophylaxis [29] , however, these findings do not conform to rational prescription and are therefore questionable. In most developed countries, consumption of aminoglycosides tends to fall due to adverse effects (i.e., varying degrees of ototoxicity and nephrotoxicity). Analysis of antimicrobial consumption in hospital studies in Hungary in 2001 showed that the most utilized antimicrobials were penicillins (49%), followed by cephalosporins (12.7%), and quinolones (7%), and aminoglycosides comprised only 3.9% of antibiotic use [30] .
At the orthopedic clinic, introduction of the unit-dose drug distribution system reduced overall drug use, especially antimicrobial consumption (227.61 DDD/100 BDs or 25.52% before and 173.52 DDD/100 BDs or 24.96% after). Initially, cotrimoxazole was the most frequently administered antibacterial. This is neither rational nor in compliance with medically accepted criteria. Therefore, our efforts were focused on reducing the use of this drug.
The overall use of cephalosporins markedly increased during the study period (Table 3). Cefazolin was the most frequently used cephalosporin pre-and post-implementation of the unit-dose system (14.04 DDD/100 BDs), followed by cephalexin (3.37 DDD/100 BDs). Cefazolin and other first-generation cephalosporins have been the most frequently studied antibiotics used for prophylaxis against infection in orthopedic surgery and traumatology . They have broad activity against many common Gram-positive and Gramnegative organisms, including S. aureus, Staphylococcus epidermidis, and E. coli [23, 31] . Ceftriaxone, a third-generation cephalosporin was also used (2.95 DDD/100 BDs). It has several theoretical advantages over cefazolin for prophylaxis, including stability against degradation by beta-lactamase, broader spectrum coverage against Gram-negative organisms, and extended serum half-life allowing once-daily administration. The use of other cephalosporins was negligible: the use of cefuroxime, ceftazidime, and cefotaxime was only 0.66, 0.27, and 0.12 DDD/100 BDs, respectively.
Amongst the aminoglycosides, amikacin was the most frequently prescribed. Amikacin is a reserve antimicrobial useful for a wide range of infections. It is recommended only in infections by resistant microorganisms due to the risk of developing resistance and its relatively high cost. Therefore, it is inappropriate to recommend its unrestricted use [32] . Ciprofloxacin was the only prescribed quinolone. This choice is based on the availability of fluoroquinolones in Serbia because other antibacterials belonging to this group are rarely available.
The extended spectrum penicillins (co-amoxiclav, amoxycillin, and ampicillin) are becoming increasingly used in surgical prophylaxis. Similar findings were encountered during an analysis of antibiotic consumption in Dutch hospitals, wherein amoxycillin (6.07 DDD per 100 BDs in 1996) and ampicillin (0.90 DDD per 100 BDs in 1996) were replaced by co-amoxiclav (12.5 DDD per 100 BDs in 1996) for use in surgical prophylaxis [33] . The use of other systemic antiinfectives was negligible.
The increasing complexity of in-hospital healthcare, along with reduced lengths of inhospital stays, the emergence of significant antibiotic-resistant pathogens, and increased drug costs together reinforce the need to ensure appropriate antibiotic prescription. In our study, we demonstrated the positive effects of the unit-dose model of drug distribution in, so far, two out of six wards at our surgical department. After the introduction of the unit-dose drug distribution system, overall drug consumption fell. Most importantly, there was a significant reduction in antimicrobial use because antimicrobials were the most used drug group in both wards. Although there was a moderate reduction in antibiotic use, it was still higher than in most developed European countries where antibiotic use is considered high. For example, in 1987, antibiotic use ranged from 33.8-60.5 DDD per 100 BDs for hospitals in Italy, and the mean antibiotic use was 83.5 and 89.7 DDD per 100 BDs in Spain and Portugal, respectively [34] .
Successful implementation required a coordinated, evidence-based approach involving clinicians, pharmacists, and hospital administration, together with ongoing staff education and feedback of results: however, it is difficult to integrate the unit-dose drug distribution system due to a number of clinical constraints (e.g., changes in treatment outside of the pharmacy's working hours), and the system requires significant manpower in the pharmacy. Also, although antibiotic and total drug use decreased during our study, drug use was still higher than in most European countries. In addition, the results of our research must be interpreted in light of the differences in time and geographic area, patients' and physicians' characteristics, prevalence of diseases and resistance patterns, availability of drugs, and hospital and national regulations.
The reduction in antibiotic use in our study was mostly due to pharmacist's verification of drug orders; however, various studies have shown that the role of pharmacy technicians should not to be neglected. These studies were undertaken to evaluate the accuracies with which pharmacists and technicians checked medications in a unit-dose drug distribution system. Most of these studies showed that the accuracy rate of technicians is as high or higher than for pharmacists [35, 36] . This shows that pharmacy technicians alone with appropriate training could verify medications in a unit-dose distribution system without compromising the accuracy of dispensing. This could in turn provide greater economic benefit to the organization by using technical rather than professional personnel.
Therefore, our findings indicate that this model of drug distribution in hospitals leads to a reduction of drug consumption and great savings. The role of pharmacist-physician interaction began to emerge as a direct result of these changes in the drug distribution system. The unit-dose drug distribution system is also effective at decreasing antibiotic consumption and reducing costs, and it should help prevent the emergence of resistant microorganisms in hospitals. To improve antibiotic prescription, additional steps, such as education of medical staff, especially physicians, will be required.
